The aim of this study was to investigate the association between the singlenucleotide polymorphisms (SNPs) of the interleukin 22 (IL-22) gene and systemic lupus erythematosus (SLE) in a Chinese population. Three IL-22 SNPs (rs2227485, rs2227513 and rs2227491) were genotyped using SNaPshot SNP genotyping assays and identified by sequencing in 314 SLE patients and 411 healthy controls. The IL-22 level of serum was assessed by enzymelinked immunosorbent assay (ELISA) kits. Data were analysed by SPSS version 17.0 software. We found that rs2227513 was associated with an increased risk of SLE [AG versus AA: adjusted odds ratio (aOR) 5 2Á24, 95% confidence interval (CI) 5 1Á22-4Á12, P 5 0Á010; G versusÁ A: adjusted OR 5 2Á18, 95% CI 5 1Á20-3Á97, P 5 0Á011]. Further analysis in patients with SLE showed that the AG genotype and G allele were associated with an increased risk of renal disorder in SLE (G versus A: aOR 5 3Á09, 95% CI 5 1Á30-7Á33, P 5 0Á011; AG versusÁ AA: aOR 5 3Á25, 95% CI 5 1Á35-7Á85, P 5 0Á009). In addition, the concentration of IL-22 was significantly lower in the rs2227513 AG genotype compared with AA genotype (P 5 0Á028). These results suggest that rs2227513 polymorphism might contribute to SLE susceptibility, probably by decreasing the expression of IL-22.
Introduction
Systemic lupus erythematosus (SLE) is a severe, chronic, systemic and inflammatory disease that potentially affects multiple organs and tissues. SLE is characterized by complement activation, autoantibody production, immune complex deposition and systemic inflammation [1, 2] . Approximately 17-48/100 000 people worldwide suffer from SLE, and lupus could damage their immune system by the direct action of antibodies that influence physical and mental health, as well as quality of life and life expectancy in patients [3, 4] . Previous studies have shown that immunological abnormalities may contribute to the development of SLE, including cytokine disorders and T and B cell activation [5, 6] . However, until now, the particular aetiology and pathogenesis of SLE have not been elucidated clearly. Thus, it is important to explore the possible aetiology of the disease and search new diagnostic and therapeutic targets. A few non-genetic factors have been confirmed to contribute to the development of SLE, such as environment, infection, hormonal action and viruses. Environmental factors could trigger abnormal autoimmune responses in individuals who carry a predisposing genetic background. Therefore, genes have been demonstrated to influence individuals' susceptibility to SLE, such as interleukin (IL-6), IL-10, IL-18, programmed cell death 1 (PDCD1), Toll-like receptor (TLR)-9 and TLR-5 [7] [8] [9] [10] [11] [12] .
IL-22 is a member of the IL-10 cytokine family, which was found to be produced primarily by T helper type 22 (Th22) cells. Recently, Zhong et al. [13] demonstrated that levels of CCR6 1 Th22 cells correlate with skin and renal impairment in SLE. The results indicate a new diagnosis and treatment target for SLE. There is evidence that IL-22 modulates the inflammatory process and several autoimmune diseases, including SLE, rheumatoid arthritis (RA) and multiple sclerosis (MS) [14] [15] [16] . In primary Sj€ ogren's syndrome (pSS), both protein and mRNA levels of IL-22 were increased significantly in the inflamed salivary glands. The results provide information that IL-22 may be a proinflammatory factor in pSS [17] . Moreover, in muscle tissue from patients with polymyositis (PM) and dermatomyositis (DM), high levels of IL-22 at the protein, but not the mRNA, level has been observed in PM/DM tissues and were correlated with myositis activity [18] . IL-22 binding to the IL-22 receptor (IL-22R) complex that induces a series of downstream signalling pathways [19] . A later study indicated further that IL-22 signalling passes through Janus kinase 1 (JAK1) and tyrosine kinase 2 (TYK2) to enlarge downstream phosphorylation signals, including mitogenactivated protein kinase (MAPK) signalling pathways, signal transducer and activator of transcription (STAT)-1, STAT-3 and STAT-5 [20] . These signalling pathways are related to the development of SLE [21, 22] . In addition, in SLE patients, the expression of serum IL-22 levels was decreased and the reason for this phenomenon is not clear [23, 24] .
IL-22, located on chromosome 12q15 in the human genome, encodes the IL-22 cytokine. Association studies have been performed to examine the relationship of single nucleotide polymorphisms (SNPs) in IL-22 with the risk of a number of many diseases, including chronic plaque psoriasis [25] . However, no report has been carried out to investigate the association of SNPs (i.e. rs2227485, rs2227513 and rs2227491) in IL-22 and SLE risk, and the relationship between IL-22 gene SNPs and the serum level of IL-22 in SLE patients. Therefore, we evaluated the association of the three SNPs (rs2227485, rs2227513 and rs2227491) in IL-22 with susceptibility to SLE and investigated further the influence of IL-22 polymorphisms on serum levels and clinical features.
Methods

Subjects of study
Our case-control study collected 314 independent Chinese SLE patients (251 women and 63 men), recruited consecutively from the Affiliated Hospital of the Youjiang Medical University for Nationalities, Guangxi, China. All patients with SLE met the 1997 American College of Rheumatology (ACR) classification criteria for SLE [26, 27] . Data on basic information and clinical profiles were collected by reviewing hospital laboratory records or by questionnaire.
At the same time, a total of 411 unrelated age-and gender-matched healthy controls (103 males and 308 females) with no history of autoimmune disease, allergy and chronic infectious disease were also selected from the Affiliated Hospital of Youjiang Medical University for Nationalities. The study protocol was approved by the Ethics Committees of the Affiliated Hospital of Youjiang Medical University for Nationalities. The study was performed in accordance with the relevant guidelines. All subjects provided informed consent.
DNA extraction and genotyping
The genomic DNA was extracted from peripheral blood samples by standard procedures using a whole-blood genome DNA isolation kit (Tiangen, Beijing, China). The polymerase chain reaction (PCR) primer designs were carried out by online primer version 3.0 software (http:// primer3.ut.ee/), and are shown in Table 1 . Genotypes of IL-22 SNPs (rs2227485, rs2227513 and rs2227491) were analysed using the multiple single nucleotide primer extension technique. Each assay (20 ml) for PCR amplification comprised 2 ll PCR buffer (13 GC buffer I; Takara, Dalien, China), 2Á0 ml Mg 21 (2Á5 mmol/l), 2Á0 ml deoxyribonucleotide triphosphate (dNTP) (2 mmol/l), 1 ml upstream primer (0Á2 mol/l), 1 ml downstream primer (0Á2 mol/l), 1Á0 U polymerase and 1Á0 ml template DNA. Sterile doubledistilled water was used to complement the inadequate volume in each reaction. PCR product was achieved using Multiplex PCR Master Mix (HotStarTaq DNA polymerase; Qiagen, Valencia, CA, USA). Twenty ll PCR was then purified with 5 U shrimp alkaline phosphatase (SAP) enzyme 
Serum IL-22 level determination
Blood samples were collected from SLE patients and healthy controls. The serum was separated after clotting at ambient temperature and stored at 2808C until use. Serum IL-22 concentration was measured by commercial enzymelinked immunosorbent assay (ELISA) (eBioscience, San Diego, CA, USA) following the manufacturer's instructions. The read absorbance of each result was determined using the 450 nm wavelength on an ELISA tester (RT-6000, Shenzhen, China).
Statistical analysis
All statistical data analyses were performed by SPSS version 17.0 (SPSS Inc., Chicago, IL, USA). Differences of age between cases and healthy control groups were compared using Student's t-test, and gender differences were evaluated using the v 2 test. Genotype and allele frequencies of IL-22 were compared by v 2 test. Hardy-Weinberg equilibrium (HWE) was tested using a goodness-of-fit v 2 test. The association of the three SNPs polymorphisms and risk of SLE was evaluated by odds ratios (ORs) with 95% confidence intervals (95% CIs). Haplotype analysis was performed using the SHEsis software (http://analysis.bio-x.cn/ myAnalysis.php). ORs and 95% CIs were adjusted based on age and gender using logistic regression. Differences in IL-22 serum levels were compared using the Mann-Whitney U-test. A value of P < 0Á05 was considered statistically significant.
Results
Clinical characteristics of the study subjects
The characteristics of patients with SLE and controls are shown in Table 2 . There was no significant difference between cases and controls in age (P 5 0Á200) and gender (P 5 0Á113).
Polymorphisms in IL-22 with SLE risk
Three genotypes were detected, respectively, in rs2227485 and rs2227491 polymorphisms and two genotypes exist in rs2227513 (Fig. 1) . The genotype distributions of the IL-22 rs2227485, rs2227513 and rs2227491 in SLE and controls are shown in Table 3 . All genotype distributions of rs2227485, rs2227513 and rs2227491 met the HWE requirements in controls (P 5 0Á612, 0Á650 and 0Á059, respectively). In rs2227513, the AG genotype was associated with increased risk of SLE [AG versus AA: adjusted odds ratio (aOR) 5 2Á24, 95% CI 5 1Á22-4Á12, AP 5 0Á010]. In addition, the G allele also was associated with increased risk of SLE (G versus A: aOR 5 2Á18, 95% CI 5 1Á20-3Á97, AP 5 0Á011). Nevertheless, no significant association of rs2227485 or rs2227491 was observed with SLE risk (P > 0Á05).
Haplotype analysis of the IL-22 gene
Haplotype analysis was performed by the online SHEsis software and the possible haplotype frequencies are shown in Table 4 . The maximum haplotype (T-G-A) accounted for 53Á5% and 48Á6% in SLE and controls, respectively. The two haplotypes (T-A-A, C-G-A) were associated with a decreased risk of SLE (OR 5 0Á53, 95% CI 5 0Á35-0Á81, P 5 0Á003; OR 5 0Á56, 95% CI 5 0Á37-0Á86, P 5 0Á007, respectively).
Association of polymorphisms and serum IL-22 level
The median serum IL-22 level was 74Á65 pg/ml (range 5 37Á82-111Á51 pg/ml) in SLE patients (n 5 80) and 193Á86 pg/ml (range 5 101Á94-317Á23 pg/ml) in controls (n 5 80). The concentration of IL-22 was significantly lower than the controls (P < 0Á001, Fig. 2a ). We further found that patients carrying the rs2227513 AG genotype had lower levels of IL-22 than the AA genotype (P 5 0Á028, Fig. 2b ), but we failed to find any association of the rs2227485 and rs2227491 with serum levels of IL-22 (P > 0Á05).
Association of rs2227513 polymorphism with clinical features
As shown in Table 5 , we performed stratification analysis by comparing allele and genotype frequencies of rs2227513 between positive and negative patients in 13 clinical manifestations. The results showed a significant association between rs2227513 and renal disorder in the distribution of allele and genotype frequencies (G versus A: aOR 5 3Á09, 95% CI 5 1Á30-7Á33, AP 5 0Á011; AG versusÁ AA: aOR 5 3Á25, 95% CI 5 1Á35-7Á85, AP 5 0Á009).
Discussion
Many studies have revealed that inflammatory cytokines are involved in the dominant pathogenesis of autoimmune diseases. Cytokines produced by activated Th cells have been shown to be normally involved in the pathogenesis of SLE [28] . Furthermore, Th1-dominant immune responses have been considered to be pathological of autoimmune diseases by the induction of an inflammatory reaction. A large number of Th1 cytokines [interferon (IFN)-g, tumour necrosis factor (TNF)-a and IL-12] have been discovered in SLE [29, 30] . However, there is compelling evidence that Th17 cells have been related to the aetiology of SLE [31] . Importantly, IL-22 is secreted mainly by Th22 cells. Moreover, over-expression of IL-22 has an abnormal acanthosis and hypogranularity of skin phenotype that resembles psoriasis-like alterations in transgenic mice [32] . Kreymborg et al. [33] reported that IL-22 is expressed in an IL-23-dependent fashion, but is not essential for the development of experimental autoimmune encephalomyelitis (EAE). Kim et al. [34] found that IL-22 could promote osteoclastogenesis in RA by up-regulating receptor activator of nuclear factor kappa-B ligand (RANKL) in human synovial fibroblasts. Thus, these studies reveal that IL-22 takes part in the pathological process in autoimmune diseases, including SLE. It is worth noting that the receptor for IL-22 is not expressed on immune cells. IL-22R1 is expressed mainly on cells of non-haematopoietic origin, such as epithelial, renal tubular and pancreatic ductal cells. IL-22 is not thought to regulate immune cells directly, and can mediate inflammation by affecting the expression of other cytokines (IL-6, IL-1, G-CSF, etc. ). This also requires more research to explore its complex pathological mechanisms in autoimmune diseases.
Copy number variations (CNVs) of IL-22 were found to be increased significantly in SLE patients than controls. The results showed that the CNVs are associated with the risk of SLE [35] . In the current study, we investigated the association of IL-22 SNPs with susceptibility to SLE. To the best of our knowledge, our study is the first report to detect allele and genotype frequencies of SNPs (rs2227485, rs2227513 and rs2227491) in IL-22 and risk of SLE between 314 SLE patients and 411 healthy controls in a Chinese population. The rs2227513 was associated with risk of SLE. Of note, the genotype and allele contrast of the SNP rs2227513 revealed that the AG genotype and G allele were associated with a significantly increased risk of SLE with ORs of 2Á24 (1Á22-4Á12) and 2Á18 (1Á20-3Á97), respectively. Moreover, levels of IL-22 were significantly lower in individuals with the AG genotype than of the AA genotype. SLE is a multi-system autoimmune disorder, leading to tissue and organ damage. Renal impairment is one of the most common clinical features of SLE, and could influence approximately 60% of lupus patients. In this study, there 
*Major haplotype 5 haplotype with frequency less than 3% will not be considered in the statistical analysis. OR 5 odds ratio; CI 5 confidence interval. were 51Á59% patients diagnosed with renal disorder. We also analysed the correlations between IL-22 polymorphisms and clinical features of patients with SLE. Statistical significance was observed in the genotype and allele distribution for rs2227513 between renal disorder and non-renal disorder patients. These results indicate that rs2227513 may contribute to the susceptibility of SLE.
The rs2227513 locates on the first intron of IL-22. Recent evidence has confirmed that introns can serve as important gene regulatory structures that have various and complex functional effects, such as RNA editing, non-coding RNAs and transacting elements [36, 37] . Moreover, Xu et al. [38] found that some proteins play the roles of binding partners for the G-containing SNP site. The G-to-A transition weakens protein binding and facilitates exon skipping, leading to altered gene expression. Jun Hu et al. [39] found a higher association of the AG genotype and G allele in rs2227513 with HIV infection in women. We found that the AG genotype and the G allele increased the risk of SLE. Interestingly, Jun Hu et al.'s study showed that the rs2227513 AG genotype was also associated with higher levels of IL-22. However, the AG genotype corresponded to a lower level of IL-22 in our results. Because of higher levels of serum IL-22 in HIV and lower levels in SLE, this result was similar to our findings. Conversely, it also indicated that rs2227513 might increase the susceptibilities of SLE and HIV infection, probably by regulating the expression of IL-22. However, how the rs2227513 of IL-22 affects gene expression in SLE remains uncertain. Previous studies have also evaluated the role of rs2227485 in multiple diseases. Qin et al. [40] demonstrated that genotype and allele frequencies of the IL-22 rs2227485 polymorphism had no association with the risk of gastric cancer in 108 patients and 110 healthy controls. Other studies have also found no association between the SNP polymorphism and HIV infection, ulcerative colitis (UC), pulmonary tuberculosis and chronic plaque psoriasis [25, 39, 41, 42] . However, Liao et al. [43] revealed that rs2227485 was associated with an approximately threefold higher risk in gastric mucosa-associated lymphoid tissue (MALT) lymphoma compared with its homozygous counterpart. Also, the co-dominant 2 model and dominant model of rs2227485 were associated significantly with papillary thyroid cancer (PTC) [44] ; the allele T frequency was also associated with PTC. Correlative analyses of clinical parameters and rs2227485 indicated that the SNP was associated with the number of cancers. Obviously, these results are inconsistent with our result, that the IL-22 rs2227485 polymorphism is not associated with SLE risk. Some possible reasons should be taken into consideration to interpret the discrepancy. SNPs play different roles in different disease types, especially in diverse ethnicities. Another possibility concerns the limited sample size. Hence, populationbased association studies with more samples are necessary to gain precise results. Regarding the rs2227491 and disease risk, some results have not found a relationship between chronic plaque psoriasis patients and HIV patients [25, 39] . Our study was similar to the previous findings.
The findings from our study will provide novel insights into SLE aetiology and create an opportunity to access the diagnosis and treatment of autoimmune diseases. However, several potential limitations of our present study should be acknowledged. First, this design was a hospital-based casecontrol study, and the possibility of selection bias cannot be ruled out. However, no deviation from HWE was tested in each SNP, suggesting that the possibility is minimal. Secondly, our study sample size was relatively small. Therefore, the findings should be interpreted carefully, and studies with larger numbers of subjects are necessary to replicate these genetic associations. Thirdly, we tested only three polymorphisms (rs2227485, rs2227513 and rs2227491) in the IL-22 gene. Illustrating the whole gene with SLE susceptibility is a remote possibility, and further fine-mapping studies are necessary. Finally, as is well known, SLE is composed of complex interactions between genetic and environmental factors. In this study, the effect of geneenvironment interactions cannot be estimated. Thus, further gene-environment interaction studies may provide more powerful proof of IL-22 polymorphisms in the aetiology of SLE. Furthermore, we did not study the relationship between the IL-22RA2 gene polymorphism and SLE. This could be a new research suggestion for the future.
In summary, our findings suggested that the IL-22 gene polymorphism (rs2227513) may act as a contributor to increased SLE susceptibility. Similarly, the rs2227513 was also associated with renal disorder in SLE patients. Nevertheless, to elucidate the accurate mechanism of IL-22 in SLE, further well-designed investigations in various populations are warranted to verify these results. More functional studies are needed to clarify the exact role of rs2227513 in the precise pathogenesis of SLE. 
